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I. INTRODUCTION

It has l:)een known from times innnemorial that certain fishes respond

positively to artificial light and aggregate within illnminated zones. This

peculiar behavior of fish has long been extensively exploited by fishermen.

Torches and bonfires (still in use in some areas) were the first sources of arti-

ficial light for attracting the schools of fishes into nets and fish traps. With

advancing technology, these light sources gave way to petrol and acetylene

lamps and electricity, especially to the latter because of its applicability for

underwater illumination (Verheijen, 1958). AVith underwater illumination

]wssible. a new trend in commercial fishing has been developing since the

end of World War II (Ellson, 1953). particularly in the Soviet Union

[631]
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(Boiisov, 1950; Boi'isov and Protasov, 1959; Leskutkin, Nikonorov and

Pateev, 1955; Nikonorov, 1955, 195G, 1958, 1959a, 1959b; Terentiev, 1957).

Instead of nsing conventional gear sueli as nets or traps, new, so-called

"netless" fishing equipment has been introduced in certain fisheries. It con-

sists of submerged electric lamps and the "fish pump." The fish attracted

by the light at night are sucked into the pump funnel and pumped directly

into the vessel's hold. In this technique, experiments have been made also

to apply an electrical field within the illuminated zone so that the aggre-

gated fish would be forced to swim toward the pump funnel, which is made

the positive pole (Nikonorov and Pateev, 1959; Smith, 1955).

More and more species of fishes and other aquatic organisms have been

reported in the literature as reacting positively to sources of artificial light

under laboratory conditions or in the natural environments. Considerable

research has been done on the structure and function of the fish eye

(Baburina, 1955, 1958; Brett, 1959; Tamura, 1959; Vilter, 1950), on the

ability of the fish to discriminate colors, and on innate preferential selec-

tivity of monochromatic lights (Arora and Sperry, 1958; Breder, 1959;

Bull, 1957; Kawamoto, 1959; Loukashkin and Grant, 1959), on the ability

of fish to respond differently to different intensities of artificial light

(Breder, 1959; Privolnev, 1956, 1958), and on many other specific prob-

lems related to fish behavior as it is affected by natural and artificial lights.

Out of the voluminous literature on the subject published in recent years

and of special interest to the writers, only a few papers are selected and

mentioned below. Borisov (1950) recorded 42 species and subspecies of

fishes which responded positively to electric light. His list includes marine,

anadromous and freshwater fishes found in the USSR; in 1955, he listed

more than 60 forms. In 1954, Radovich and Gibbs reported 44 species of

marine fishes from tlie waters of California and western Mexico which re-

sponded positively to electric light under natural conditions.^ Baranov

(1955) listed 17 species for the northwestern Pacific, and Parin (1958)

mentioned 54 marine fishes collected at night light stations during oceanic

exploration of the Pacific in 1954-55.-

Among pelagic fishes of commercial importance, the clupeids, or herring-

like fishes, have been found the most responsive to artificial light, and

1 Since the date of Radovich and Gibbs' report (1954), many more species of the fishes from the same
area have been found to respond positively to electric light in the open sea (a continuously expanding
unpublished list has been maintained by the California State Fisheries Laboratory at Terminal Island).

While on research cruises of the California Fish and Game M/V Alaska in Mexican territorial waters in

1958 and 1961, the senior author recorded 20 species as supplementary to Radovich and Gibbs' list of

1954. These fishes are as follows: Astroscopus zephyreus, Auxis sp., Carcharhinus lamiella, Cetengraulis

mystketus, Chloroscombrus orqueta, Cynosrion parvipinnis, Harengula thrissina, Menidia starksi, Mugil
cephalus, Mugil sp., Nectarges nepenthe, Oligoplites sp., Polynemus sp., Pseudophallus starksii. Raja sp.,

Sphyraena sp., Sphyrna zygacna, Synodus lucioceps, Trac/iurops crumenophthalmus, and Upeneus sp.

" A complete list of the fishes collected at night light stations by Parin in the Pacific Ocean during the

1954-1960 oceanological expeditions aboard the research vessel Vitiaz will be published by him and is in press.



Vol.. XXXI] LOUKASHKINd GBANT: THE NORTHERNANCHOVY 633

most of the references herein cited refer to this family. Species displaying a

strono; positive taxis to artificial light, readily aggregating in masses within

illuminated zones, are as follows: sardines

—

Saydinojjs caerulea (Radovich

and Gibbs, 1954; Rasalon, 1959), Sardinops sagax rnelanosticta (Borisov,

1955; Yudovich and Kolegov, 1956), Sardina pilchardiis sardina (Ver-

heijen, 1957, 1958; Nikonorov, 1959), Sardinella macropMhalma (Breder,

1959), Sardinella aurita (Verheijen, 1958); herrings

—

Clupea pallasii

( Gristchenko, 1951; Radovich and Gibbs, 1954; Baranov, 1955; Borisov,

1955; Nikolaev, 1957), Clupea liar eng us harengus (Craig and Baxter, 1952;

Borisov, 1955; Blaxter and Parrish, 1958; Radakov and Soloviev, 1959;

Tihonov, 1959; Zaitsev and Azhazha, 1959), Clupea harengus memhras

(Borisov, 1950, 1955); Caspian shads

—

Alosa hrashnikovi hrashnikovi,

Alosa hrashnikovi agrachanica, Alosa caspia caspia, Alosa kessleri kessleri,

and Alosa kessleri volgensis (Borisov, 1955; Chugnnova, 1955); Caspian

sprats "kirka"

—

ClupeoneUa delicatula caspia, Clui)eonella engrauliformis,

and ClupeoneUa grimmi (Eremtstov and Nikonova, 1949; Tokarev, 1949;

Borisov, 1950, 1955; Bondarenko, 1951; Prihodko, 1951, 1957a, b; Leslmtkin

and Prihodko, 1951; Safronov, 1952; Evteev, 1953; Leskntkin, Nikonorov

and Pateev, 1955; Lovetskaya, 1955, 1958; Nikonorov, 1955, 1956a, b, 1958,

1959a, b; Chugnnova, 1955; Terentiev, 1957; Borisov and Protasov, 1959);

sprats

—

Sprattus sprattus sprattus (Blaxter and Parrish, 1958), Sprattus

sprattus halficus, and Sprattus sprattus phaJericus (Borisov, 1950, 1955);

Pacific round herring

—

Etrumeus acuminatus (Radovich and Gibbs,

1954); Pacific thread herring

—

Opisthonema lihertate (Radovich and

Gibbs, 1954); Atlantic dwarf herring

—

Jcnkinsia lamprotaenia (Breder,

1959); and zunasi herring

—

Harengula zunasi (Sasaki, 1959).

Among other commercially important pelagic fishes which are known to

respond strongly to artificial light are the following : anchovies

—

Engraulis

riiordax, AncJwa deUcatissima, and AncJwa compressa (Radovich and Gibbs,

1954), Engraulis japonica (Borisov, 1950, 1955; Baranov, 1955; Parin,

1958), Engraulis encrasicholus (Verheijen, 1958), Engraulis encrasicholus

pontica and Engraulis encrasicholus maeotica (Borisov, 1950, 1955; Safia-

nova, 1952, 1958; Kirillov, 1955; Radakov, 1956) ; mackerels

—

Scomber scom-

hrus (Blaxter and Parrish, 1958), Pneumatophorus diego (Radovich and

Gibbs, 1954:) , and Pneum,atoj)horus japonicus (Borisov, 1950, 1955; Baranov,

1955; Parin, 1958) jack-mackerels or horse-mackerels

—

TracJiurus symmetri-

cus (Radovich and Gibbs, 1954), Trachurus japonicus (Parin, 1958, Sasaki,

1959), and Trachurus trachurus (Borisov, 1950, 1955; Safianova, 1952,

1958; Radakov, 1956; Protasov, 1957; Blaxter and Parrish, 1958; Borisov

and Protasov, 1959); saury

—

Cololnhis saira (Pochekaev, 1949; Radovich

and Gibbs, 1954; Baranov, 1955; Borisov, 1955; Yudovich, 1956; Parin,

1956, 1958; Gristchenko, 1957; Pokrovsky, 1957; Fukuhara, 1959); tunas—
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Neothuiuius mdcroptenis and Eufhipntiis ndiio (Hsiao, 1952; Tester, 1959);

eod-like fishes

—

(jodus movhua niorliiKi (Borisov, 1950, 1955; Lag'iinov,

1955), Gadns Diovlwia macroccphalui^ (Baranov, 1955), Melanoqrammus

aeglefinus, Odontogadus merlangus euxinus, and Borcogadus saida (Borisov,

1955).'' The behavioi'al studies conducted at the California Academy of Sci-

ences have been confined to four species of marine pelagic fishes: Pacific

sardine, Sardinops caerulea (Girard); northern anchovy, EngrauHs movdax

Girard; Pacific mackerel, Pneiimatophorus diego (Ayres); and Pacific jack

mackerel. Trachurus symmetricus (Ayres). The behavior and reactions of

the sardine under the influence of white and colored lig'hts and darkness

have already been explored (Loukashkin aiul (irant, 1959). The present

paper sums up the results of the study of the behavior and reactions of

the northern anchovy stimulated by artificial light of different wave leng'ths

and intensities and l)y darkness. In essence, it is a continuation of the earlier

experimental work on sardines. The equipment, facilities, and methods

(fig. 1) used in the laboratory experiments for the larger part of the study

were exactly the same as described earlier for the sardine; therefore, to

avoid unnecessary repetition tlie reader is referred to that report. However,

Light fixfures Incosed m shades Plywood lop 32' wide

\

LONGITUDINAL CUT CROSS-SECTIONAL CUT

Fku i!E 1. Sketch drawing of the experimental tank divided into three light

zones for testing the anchovy's ability to discriminate colors of the light and

intensities of white light. (After Loukashkin and Grant, 1959.)

changes in technique or equipment are noted and full information is pre-

sented in appropriate sections below.

For measuring light intensities, a Weston Illumination Meter, model 756.

was used. This model is visual and cosine corrected, with direct dial read-

* The size of the present report excludes the possibility of listing all the other marine and freshwater

fishes whose phototactic responses to artificial light have been tested in recent years. Readers interested in

this subject will iind more information in the accounts by Baranov (1955), Blaxter and Parrish (1958),

Borisov (1950, 1955), Parin (1958), Pochekaev (1949), Privolnev (1958), Protasov (1957, 1958).

Radovich and Gibbs (1954), Sasaki (1959), and especially in the Verheijen report (1958) in which a

review of the literature on fish responses to light is included.
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ini>-s on the scales rangini>' from to 500 foot-candles. The illniiiination

meter was manufactured by the Weston Electrical Instrument ('or]K)ration

of Newark, New Jersey.

This account is based on the exjieriments carried out on two large

schools of adult anchovies kept in the display tanks of the Steinhart

Acpiarium, California Academy of Sciences, at different times (approxi-

mately two years apart). The majority of the experiments were devoted to

the investioation of the ability of the anchovy to discriminate the same

monochromatic lio-hts, white light and darkness, which had been successfully

applied in the experiments with the Pacific sardine (tig. 2). The second por-

tion of the study involved the u.se of ultraviolet and infrared wave lengths

and ol)servations on the reactions of the anchovy to different intensities of

the white light. As with the stock of the Pacific sardine used in earlier ex-

periments, the northern anchovy schools were kept in a 1,000-gallon display

tank illuminated with an ordinary 300-watt incandescent lam]) which was

suspended two feet above the water surface. Therefore, the fish used in the

.study can be considered "light-ada])ted"' animals.

The scientific names of most of the fishes mentioned in tlie text are based

on Eoedel (1953) for the California and Mexican species, and on Berg

(1932-33, 1949), Borisov and Ovsiannikov (1951), and Svetovidov (1952)

for the fishes of the USSR.

II. REACTIONSOF NORTHERNANCHOVYTO LIGHT
WAVELENGTHSAND INTENSITIES

(1) Preferential reactions to monochromatic lights, white light, and dark-

ness.

The ability of the anchovy to react differently to different light wave

lengths was tested in a tank which could be divided into two, three, or four

SPECTRAL ENERGYDISTRIBUTION

BLUE "F" LAMP• BLUE FILTER '37

GREEN"F"LAMP^GREENFILTER"40

PINK "F" LAMP* RED FILTER "l5

30

20

10

i
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zones and equipped with electric light sources of contrasting illumination.

Results of the experiments of two-zone tests are presented in tables I-XI,

those of the three-zone tests in tables XII and XIV, and of the four-zone

tests in table XIII. In the two-zone tests different groups of six fish were

subjected to the effect of a given pair of lights or of light and darkness.

Each combination was used in two experiments consisting of six tests with

100 recorded observations, totalling 7,200 fish. Altogether, 79,200 fish are

grouped in eleven tables for comparison of natural preference reactions to

one type of illumination, or another. In testing the ability of the anchovy

to distinguish green light from other colors, it was found that when this light

was paired with white light, 5,424 fish out of 7,200 moved to or remained

in the green-light zone, displaying definite preference for this light (74.34

per cent) over the white light (24. 6G per cent), as seen from table I. When
green and red lights were paired, this preference for green light rose to

97.86 per cent. The highest degree of negative reactions to red light in

tests 2, (3, and 12 was manifested by total avoidance of the red light zone,

as shown in table II. When green light was presented along with blue light,

anchovies were able to differentiate these two lights in contrast to the Pacific

sardine, which was unable to do so (Loukashkin and Grant, 1959). As seen

from table III, anchovies reacted preferentially to green light; 73.18 per

cent of the individuals which were tested selected the ''green zone," com-

pared to 26.82 per cent which showed preference for the "blue zone." AVhen

paired with a darkened zone, the green-light zone was frequented by 6,918

fish (96.08 per cent), while only 282 (3.92 per cent) made occasional move-

ments of short duration into the darkened zone. In tests 1 and 5, avoidance

of the darkened zone was total (table IV)

.

When testing the blue light paired with white light or red light or

darkness, fish responded favorably to the blue light. Table V shows a

slight preference for blue (52.15 per cent) over the white light (47.85 per

cent), and a marked preference for blue (81.60 per cent) over the red (18.40

per cent) and (97.03 per cent) over darkness with four examples of total

avoidance of the darkened zone in tests 1, 6, 7, and 12 (tables VI and VII).

Red light, when paired with white light (table VIII), as in the trials

with green and blue lights, elicited negative responses on the part of the

fish tested (in tests 1 and 9 only one fish entered the red light zone each

time). Preferential reaction for the white light was as high as 88.39 per

cent. The red light attracted anchovies only when it was opposed by total

darkness (92.97 per cent) as seen from table IX.

When testing white light versus darkness, anchovies responded posi-

tively to the former (97.88 per cent) and negatively to the latter (2.12 per

cent) with total avoidance of that zone in tests, 4, 5, 6, 8, 10, 11, and 12

(table X). This is in full accord with other experiments in which an illumi-
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nated zone was presented with the darkened one (tables IV, VII, and IX).

Diagrammatic interpretation of the relationsliip in the effects of dif-

ferent lights on the anchovy's discriminating ability tested in pairs is shown

in fignre 3.

To evalnate the significance of the apparent preference responses of the

fish to monochromatic lights, the same gronps of anchovies, either before or

after experiment, were kept in a two-zone tank nnder a white light of the

same intensity. The results obtained are presented in table XI, and they

clearly display a normal distribution of 7,200 fish very close to a 50 :50

ratio; however, the relationship varied from test to test. The average dis-

tribution of anchovies for 12 tests was found to be 50.06 per cent for

one zone, and 49.94 per cent for the other. These tests were considered as

controls.

After completing the seiies of experiments in a two-zone tank, anchovies

were subjected to exi)eriments in three-zone and four-zone tanks. In these

experiments light intensities were maintained at a uniform level for all

lights as in the two-zone experiments, or they were presented in different

values. The latter modification was intended to see if the increment in light

intensity would elicit a change in response because of brightness of illumi-

nation regardless of the color of light. The results of these experiments are

presented in tables XII and XIII. The first four experiments in a three-

FiGUBE 3. Diagrammatic interpretation of the relationships between the effects

of different lights on the anchovy's discriminating ability tested in pairs in the two-

zone tank. Positive and negative reactions are expressed in per cent. All sources of

light were maintained at 9 foot-candle intensity.
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/one tank illnniinaled witli white, oreen, and red lii>hts, i-ei>ai'dless of vai'ia-

lion in intensities, demonstrated overwlielming preference of the anehovies

for the g-reen light. The positive preference responses in these experiments

for the green liglit averaged as high as 66.33 per cent (14,400 fish ). tliongh

in separate cases this preference varied from 56.0 per cent to 72.0 per cent.

Negative responses to the other two lights were as follow: 19.63 per cent

for white light and 14.04 per cent for red light. These results are in full

agreement with those obtained for the green light when tested in ])airs with

the others in a two-zone tank. In experiment WGD(table XII ) the in-

tensity of the green light was reduced to 6 foot-candles, while the white-

light intensity was increased up to 30 foot-candles. The third zone was dark-

ened. Again, anchovies responded in favor of the green light ( 69.33 per

cent). In another experiment RDW(table XII) red and white lights were

presented in intensities of 30 foot-candles with the middle zone darkened.

As antici]iated, the white-light zone was frequented most of all (50.34 per

cent), and red-light zone least of all (19.33 per cent). The reason why more

fish were found in the darkened zone than in the red-light zone may have

been that the white light penetrated tlie darkened zone. In other experi-

ments, DBR-1 and I)BR-2 (table Xlll), the blue and red lights were

applied, the third zone having l)een darkened. In both experiments with

uniform intensities of 9 foot-candles and wuth contrasting intensities (4

foot-candles for the blue light, and 30 foot-candles for the red light ) an-

chovies displayed extremely high ]ireference for the blue light (93.1() ])er

cent and 98.67 per cent respectively).

Table XIII presents the results of experiments in a four-zone tank in

which green, blue, and red lights of 9 foot-candle intensity, and darkness

were tested. Out of 9,600 fish, 80.19 per cent were found in the green-light

zone, 15.34 per cent in the blue, 2.56 per cent in the red, and 1.91 per cent

in the darkened zone. This preference of the anchovies for the green light

perfectly agrees with all previous results.

The last experiments in the present series were made to du])licate

approximately the natural vertical distribution of the sunlight s])ectrum

in water. The tank was divided into three zones as follow: daylight (white

light with normal ])ercentage of red light iii it)^ to imitate surface and

near-surface illumination; green light for a dee])er horizon of water mass;

and blue light to re]iresent the deepest horizon of the water me<lium in

which the anchovy is found. In experiment ])(fB-l the intensities of liglits

were maintained at 16, 7.8, and 0.5 foot-candles respectively; for i)(;B-2

these intensities were reduced to 6.0, 3.0, and 0.25 foot-candles res]ieetively

(table XIV). The results of 12 tests with a group of nine anchovies in each

of the two experiments show the same jU'cferential tendency of the fish

General Electric 20-\vatt "Daylight" fluorescent tube 24 inches long, ordering symbol F20T12/r).
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lowjird the ,ui*eeii lisiht as in all other experiments in which vai'ious coni-

hinations of nionochroniatic and white lights were applied. This preference

for the green light was found to be 48.57 ])er cent, in the experiment l)(iB-l,

and 44.7!) per cent in I)(!B-2 compared to 30.01 per cent and :)0.24 per cent

i'es])ectively for the daylight and 21.42 ]icr cent and 2."). 40 ])('r cent for the

blue light.

(2) Responses to ultraviolet wave length.

ill ihis series of ('X]>eriments, low and high intensity sources of ultra-

violet radiation were used, in the first set of ex])erimeuts a "black light''

20-watt fluorescent tube (24 inches long) manufactured by the General

FvkH'tric {^^ompany (trade symbol F20T12/BLB) was used. Its si)ectro-

graj)hie characteristics are shown by the curve in figure 4, from which it is

seen that this lani]^ emits a certain amount of visible light, too. This source

WAVELENGTH- ANGSTROMS

Fkure 4. Spectral energy distribution of the "Black Light Integral P'ilter Fluo-

rescent Lamp" manufactured by the General Electric Company. Official drawing on

file with the Company based on 40-watt lamp Is reproduced here with written

permission of the manufacturer. The curve is also typical for the 20-watt lamp

(F20T12/BLB) used in the pre.sent study.



640 CALIFORNIA ACADEMYOF SCIENCE."^ [Proc. 4Tir Sek.

of ultraviolet radiation was first tested paired with nionochromatie li<^hts,

using the same colored fluorescent tubes and filters as in the ])recedino:

series. Because of the extremely low intensity of the "black light," the other

lamps were masked to reduce the intensity of colored lights to the level of

the former, which was as low as 0.2 foot-candle. The results of six experi-

ments covering the distribution of 57,600 fish are tabulated in tables XV-
XVII.

Paired with blue light, the ultraviolet wave length had no specific effect

u])on behavior of the anchovies. The average figures show a 50:50 distri-

bution ratio (table XV). The ultraviolet-green combination revealed slight

])referential reactions toward the green light (54.79 per cent). This tend-

ency was observed in all of the 24 tests (table XVI), while in ultraviolet-

blue combination fish responses varied considerably from test to test, espe-

cially in ex]K^riment UL-1.

In experiments using ultraviolet light and red light, anchovies at first

displayed very slight but constant ])reference for the ultraviolet zone (52.25

per cent in experiment ITL-5.). In the next experiment (UL-6) this ]U'efer-

cnce rose to 91.70 percent varying between 80.50 per cent to 100.0 per cent

from test to test, and averaging 71.79 ]Hn- cent and 28.08 per cent for ultra-

violet and red light res])ectively (table XVII). However, in this case it can

be assumed that it was not the attractive value of the ultraviolet rays that

resulted in greater fre(iuenting of the "black liglit" zone, but rather the

re])elling effect of the red light as revealed in ])revious experiments when

monochromatic lights were used and the anchovies avoided the red-light

zone unless the alternative was darkness. The same avoidance reactions to-

ward the red light were demonstrated earlier on the Pacific sardine (Lou-

kashkin and (Irant, 1959).

The next two experiments, with application of higher light intensity,

were made in a two-zone tank. It was illuminated with clear light, and a

source of ultraviolet radiation alternately added to one of these zones.

The white light was ])roduced by the (Jeneral Electric 15-watt incandescent

lamp ("frosted"), one in each zone, and the ultraviolet sonrce was the same

20-watt "black light" described above. A light intensity of 10.5 foot-candles

was maintained in both zones. The I'csults of 24 tests involving the distribu-

tion of 19,200 fish are shown in table XVIll. The averages for the white-

light zone and wliite-light plus ultraviolet zone are almost identical: 49.84

per cent for the former, and 50.16 ])er cent for the lattei'. The fish seenied to

be unable to differentiate one zone from the other, and Ihe muubers of fish

frequenting one zone or the other varied considerably t'l'om test to test,

es]iecially in experiment UL-7.

Following this, an ultraviolet source of very high intensity was tested.

For this ])ur])ose a "New Black-I^ay Model B-lOO (3660A)" equipi)ed with

100-watt mercury spotlight bulb, ballast, and ultraviolet-transmitting Kopp
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TRANSMISSION PER CENT

a
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41 filter was used. This soureo of ultravioU't radiation was maiuii'actured l)y

tlie ritra-Violet Products, Inc., San (rabriel, California. The spectral-

eiieri>y distribution of this lam]), with filter attached, is shown in figure 5.

In addition, an extra filter (Cornino' (Jlass Works, no. 5840) was acquired

in order to filter out most of the visible rays. Its ]n'oi)erties are shown in

fiiiure 6.

TRANSMITTANCEPER CENT

Fi(ii KK 6. Spectral properties of the ultraviolet-transmitting filter no. 5840
(7-60) of the Corning Class Works. Courtesy of the manufacturer.
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At first, attempts were made to test the effect of ultraviolet wave lenf>ths

in total darkness by placinm' this source in one zone and keei)ino' the other

zone darkened. These, as all other tests herein reported, were carried out

in a specially built dark room in the Steinhart Aquarium. l)es])ite all pos-

sible efforts, the investigators had to abandon this experiment because the

use of both filters together failed to entirely filter out visi])le light rays.

Though of extremely low intensity and detectable by the human eye only

after prolonged stay in the dark room, these rays, fortified by the ultraviolet

wave leng-th, created fluorescence in water. Eefiections from the bottom and

tank sides dimly illuminated the entire tank though a much brighter glow-

ing spot appeared directly under the ]am]i. lender this meager illumination

the fish were able to still orientate and swim in a loose school formation and

to continue their typical counter-clockwise movement in the tank. However,

the speed of swimming slowed to one-half of normal. The intensity of light

w^as far below 0.01 foot-candle.

In the next trial, the 100-watt mercury spotlight lamp (General Elec-

tric I[-100-SP4) was susjiended over the center of the experimental tank.

Its spectrographic characteristics are shown in figure 7. A dividing shield

was removed. Light intensity at the surface of Avater directly under the

lamp was 500+ foot-candles with a rapid decrease toward the tank's ends.

One-half of the tank was covered with a clear glass plate to filter out ultra-

violet rays. The other half remained o])en to allow ultraviolet radiation to

enter. In this experiment (l^L-O, table XIX) 64 per cent of 8,000 fish re-

si)onded positively to the zone covered with the glass plate, while 36 per cent

entered the ultraviolet zone. The glass ])late was then removed and both

halves of the tank were subjected to ultraviolet radiation. In this experi-

ment (UL-10, table XIX) 52.20 y>qv cent of the fish entered one zone, and

-17.80 per cent the other, which is close to a 50 :50 ratio. After this, in order

to evaluate the role of the clear-glass plate as a filter and its effect u]^on the

numbers of fish gathering under it, an ultraviolet source was rei)laced by

theKEN-RAI) 300-watt reflector flood lamj) emitting clear light of the same

intensity as the mercury s]>otlight lami). One-half of the tank was again

covered with the glass plate. This time (UL-11, table XIX) the fish distribu-

ted them.selves evenly (50.45 per cent and 49.55 per cent). Thus, it seems

reasonable to assume that the 64.0 i)er cent response of the fish to the ultra-

violet-free zone in experiment UL-9 was not incidental, and that the fish

displayed a normal "avoidance reaction" toward the ultraviolet zone.

In the last set of experiments with ultraviolet radiation, the light inten-

sity was reduced by half, and the procedure was different. In the experi-

ment UL-12 (table XX) the tank was divided again into two zones by in-

stalling a separating shield in the center. In each zone one KEN-RAD 300-

watt reflector flood lamj) emitting white light of 225 foot-candle intensity
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was installed. In ten tests involvinji' 6,000 fish, as antici])ated, there resulted

a more or less even distribution of fish (48.47 per cent and 51.53 per cent).

In experiment UL-13 (table XX), one of the white lights was replaced with

lOO-watt mercury spotlight lamp (ultraviolet), and the positions of these

two sources were alternated during the experiment. The intensity of light

in both zones remained the same as in the previous experiment. Throughout

all ten tests, the anchovies consistently preferred the white-light zone. Their

1 espouses for the white-light zone varied between 60.0 per cent to 100.0 per

cent from test to test, averaging 72.1 per cent and displaying negative or

avoidance reaction toward the ultraviolet zone (27.9 per cent) once again.

Diagrannnatic interpretation of the anchovy reactions toward the ultra-

violet wave length is shown in figure 8.

(3) Kes])()nses to infrared wave length.

In this series of experiments the first tests were made in a two-zone tank;

one zone was exposed to infrared radiation, the other remained in total

darkness. Instead of being six inches deep, as in all other experiments, the

Fkuke 8. Diagrammatic interpretation of the anchovy's reactions toward the

ultraviolet wave length in relation to opposing monochromatic and white lights.

Positive and negative reactions are expressed in per cent.
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water level was lowered to three inches and tlie lanij) was suspended six

inches above its surface. A (I.E. 250-watt reflector heat lamp with red

coating provided the source of the infrared radiation (its spectrograph ic

features are shown in fig-ure 9). A Corning filter no. 2540 was used to absorb

all visible rays, transmitting infrared rays alone. Figure 10 shows the

spectrographic properties of this filter.

Eight anchovies were placed in an experimental tank two hours ]H'ior to

testing and were kept there in total darkness. A recording of fish distribu-

tion was made every ten minutes with the aid of dimmed ruby-red flash-

light; this operation required not more than two or three seconds and only

the fish in one zone were counted at a time. Altogether ten tests each of

30 recorded observations were made covering the distril)ution of 2,400 fish.

The results of exjieriment INP-1 are shown in table XXI. From the very

start, it was clearly evident that the fish did not respond to infrared radia-

tion. In both darkened and infrared zones, they behaved in exactly the same

manner as did the Pacific sardine in total darkness (Loukashkin and (Irant,

3959). The school was broken up; fish were scattered throughout the tank;

swamming speed was slowed almost to a "stand still"; orientation was com-

pletely lost, individual fish moving randomly, and all the fish moved so

close to the surface of the water that their dorsal fins and backs projected

above the water. The average distribution of fish in ten tests was found to

be about even : 51.33 per cent of the fish were recorded in the infrared zone,

and 48.67 per cent in the darkened zone. To check the results, the infrared

lamp was turned off, and the fish were kept in total darkness in both zones.

Following the same procedure as in experiment INF-1, the investigators

obtained exactly the same results: 48.58 per cent and 51.42 i)er cent (exp.

INF-2, table XXI). After this, an infrared source was turned on again, and

to the surprise of the observers, the fish began to concentrate under the

lamp, though there was no visible change in the over-all situation. The mir-

ror, placed under the lamp, revealed a tiny crack in the filter, through which

just a pin point of red light was reflected by the mirror. Intensity of this

light was about 0.001 foot-candle. The human eye, ada]ited to the darkness

of the dark room, was unable to see this light without the use of a mirror,

but the anchovies were able to perceive such a meager light value and to re-

spond to it very readily. The averages for ten tests (exp. INF-3, table XXI)
show a definite preference l)y the fish for tliis zone (74.17 ]ier cent) over the

zone of darkness (25.83 per cent).

In the next two experiments (INF-4 and lNF-5, table XXII), one of

the two zones was illuminated by white light using a KEN-RAl) 300-watt

reflector floodlight hunp; light intensity at th(> surface of the water mea-

sured 500 foot-candles. The other zone was illuminated wdth a (I.E. 250-watt

reflector heat lamj) without red coating, which emitted both white light and
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WAVELENGTHMICRONS

Figure 10. Spectrographic properties of the infrared transmitting filter of the

Corning Glass Works' manufacture no. 2540 (7-56). Courtesy of the manufacturer.

infrared rays, as shown in figure 11. The liglit intensity of this hiinp was

also 500 foot-candles. Observations were made every ten seconds.

In 24 tests the fish behaved normally, maintaining typical school-forma-

tion, and circled at normal speed in counter-clockwise direction. They dis-

played preference for neither zone; of 19,200 fish 49.52 per cent were

found in the white light zone, 50.48 per cent in the infrared zone.

Two more experiments concluded the infrared studies (INP-6 and

INF-7, table XXIII). In these, one zone was illuminated with white light

produced by the (I.E. "soft white" fluorescent tube. The other zone was illu-

minated with a simihir source of light to which the (r.E. 600-watt electric

heater was tulded as a .source of infrared radiation. The intensity of liglit

in l)oth zones was equal to 25 foot-candles at the water's surface. As in the

pi-eccding case, the fish behaved normally and maintained typical school-

foi-mation and circular i);itli of movement. They showed no marked jirefer-

cnce for either of tlie zones. The average figures for 24 tests in the two ex-

periments involving 19,000 fish are as follows: 51.79 per cent for the white-

light zone and 4S.21 per cent for the white-liglit-])lus-infrared-wave-length

zone. For all practical jnirposes these figures show an even distribution of

the fish, and as in all other experiments with application of infrared radia-
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tiun they inaiiit'est very clearly the inability ot* the anohovy to perceive

infrared radiation.

(4) Kesi^onses to different values of intensity of white light.

In an attempt to determine the ability of the northern anchovy to re-

spond differently to different values of light intensity, the experimental

tank Avas divided tirst into five zones, then into four, and finally into two

zones. Illumination was provided by G.E. incandescent ("frosted") lamps

emitting white light. In the five-zone arrangement, light intensities were

as follows: 2, 10, 20, 50, and 100 foot-candles. After five tests in each of

two experiments (INT-1 and INT-2, table XXIV), the positions of the light

sources were reversed in order to avoid conditioning responses. Average

response percentages for the gradient values in both experiments were close

to each other, especially for the first thi-ee intensity gradients. The 20,000

fish used in 20 tests were distributed with respect to the five different light

intensities as follows

:

0.53 per cent — 2 foot-candles

6.03 per cent — 10 foot-candles

29.23 per cent — 20 foot-candles

41.94 per cent — 50 foot-candles

22.27 per cent —100 foot-candles

In the four-zone tank, illumination was provided by incandescent lamj^s

of the same type and manufacture, which emitted white light in 75, 125,

250, and 500 foot-candle intensities. As in the preceding experiment, the

positions of light sources were reversed after the first five tests. The average

response percentages in experiment INT-3 (table XXV) were:

14.20 per cent — 75 foot-candles

30.21 per cent —125 foot-candles

37.16 per cent —250 foot-candles

18.43 per cent —500 foot-candles

In these two arrangements of five and four intensity values, anchovies

seemed to keep within the region of moderate light intensity; they shied

away from the extremes. In each instance, most of the fish responded more

positively to the lights of moderate intensities in centrally located zones

and displayed an avoidance reaction to lights of the highest and lowest in-

tensities. In the first arrangement, 71.17 per cent of 20,000 fish were found

to frequent the two adjacent zones of 20 and 50 foot-candles; in the

second —67.37 per cent of 10,000 fish frequented adjacent zones of 125 and

250 foot-candle intensities.

The most striking example of avoidance by anchovies of the briglit(M'

zone was demonstrated in experiments INT-4, INT-5, INT-6, and INT-7,

when intensities of white light were presented in sharply contrasting pairs.
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in which the hiiiher value remained constant throuiiliout the four experi-

ments. An intensity of 500 foot-candles was opposed l)y intensities of 20,

10, 5, and 2 foot-candles. Each of the above-mentioned experiments con-

sisted of three tests of 100 recorded oliservations of the behavior of eight

anchovies. The jireference responses to the lower valnes of light intensity

over the 500 foot-candle intensity were found to be 65.50 por cent for 20

foot-candles, 64.71 per cent for 10 foot-candles, 60.42 ])er cent for 5 foot-

candles, and 83.71 per cent for 2 foot-candles. Of the 9,600 fish involved in

these experiments, the average percentage in favor of all the lower inten-

sities taken together equalled 68.52 per cent; that for the 500-foot-candle

intensity, 31.48 per cent.

III. TABLES

Tables I-XI

Records of experiments using the tivo-zone tests for cletermining the preference

reactions of the northern anchor>y (Engraulis mordax Girard) for monochromatic

lights, white light, and darhness when presented in contrasting pairs. Light in-

tensity was maintained at 9 foot-candles for all light sources. Each experiment con-

sisted of six tests with 100 recorded observations made every ten seconds for six

anchovies subjected to the effect of the light.

Fluorescent tubes, manufactured by General Electric, and gelatine filters, made

by Rascoe Laboratories, used in the present study were described by Loukashkin

and Grant (19.59).

Table I
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Table II
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Table IV
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Table VI
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Table VIII
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Table X
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Table XII

Records of experiments using the three-zone tests for determining the jyveference

reactions of the northern anchovy in monochromatic and white lights of equal and

different intensities. Each experimeiit is based on six tests of 100 recorded obser-

I'ations, with six anchovies used in each test.

Exp.
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Tablk XIII— Cont.

Exp.
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Tables XV-XVII

Records of experiments using the two-zone tests for determining the preference
reactions of the northern anchovy (Engraulis mordax Girard) to monochromatic
lights (blue, green, and red) and Mack light (ultraviolet radiation) presented in

contrasting pairs. A light intensity of 0.2 foot-candle loas maintained for all light

sources applied. Tico experiments were run using each contrasting pair of lights;

each exj)eriment consisted of twelve tests of 100 recorded observations of distribu-

tion of eight anchovies subjected to testing. Fluorescent tubes of General Electric

manufacture 2 J," long and gelatine filters of Rascoe laboratories as sources for the

blue, green, and red lights used in the present study were the same as described
by Loukashkin and Grant ( Hi.lH) in their e.rperiments with the Pacific Sardine.

For ultraviolet radiation a fluorescent "black light" tube of the same length as

the monochromatic light tubes was used (General Electric, F20T12/BLB).
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Table XVII —('out.
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Table XVI II —Cont.
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Table XIX —Cont.

General Electric 100-watt mercury spot-

light lamp suspended over the middle of

the tank. Intensity 500-\- foot-candles

Zone "A" covered

with clear glass to

filter out ultravio-

let ravs

Zone "B" free for

ultraviolet radiation

Total

FreQucncy of Occurrence

Exp. Xumhr cent Xumbcr Per cent Number Per cent

6
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Table XX

Records of preference reactions of the northern anchory (Engraulis mordax

Girard) to irhite light and iiltrariulet nn/s presented in pairs in a two-zone tank.

Six fish icere used in each test. Experiment UL-12 shoics typical distrityution of the

fish when white Uc/ht alone iras applied, and crjicrivient UL-Li shows change in dis-

tribution after replacinii the white-light lamp in o)ie of the zones nnth a lamp

producing ultraviolet radiation.

Exp. Test Zone "A" Zone "B'

Frequency of Occurrence

Number Per cent Number Per cent

Total

Number Per cent

UL-12

3

4

5

6

7

8

9

10

KEN-RAD 300-watt

reflector flood light

lamp (white) In-

tensity 225 f.-c.

240
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Table XXI
Records of preference responses of the northern anchovy (Engraulis mordax

Girardj to infrared radiation and total darkness in a two-zone tank. Eight fish were

used in each test.

Exp. Test Infrared Radiation Total Darkness Total

G.E. 250-watt re-

flector heat lamp

with red coating

and Corning infra-

red transmitting fil-

Absolute Darkness

Frequency of Occurrence

Number Per cent Number Per cent Number Per cent

INF-1 1

2

3

4

5

6

7

8

9

10

167

135

135

106

162

96

98

74

153

106

69.58

56.25

56.25

44.17

67.50

40.00

40.83

30.84

63.75

44.17

73

105

105

134

78

144

142

166

87

134

30.42

43.75

43.75

55.85

32.50

60.00

59.17

69.16

36.25

55.83

240
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Table XXII

Records of ijreference reactions of the northern anchovy (Engraulis mordax

Girard) to white light and infrared radiation in a two-zone tank. Eight fish were

used in each test.

Exp. Test Clear Light Infrared Radiation

KEN-RAD 300-u'att

reflector flood light

lamp. Light inten-

sity - 500 f.-c.

G.E 250-watt reflec-

tor infrared (heat)

industrial lamp
(-white bulb). Light

intensity - 500 f.-c.

Total
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Table XXIII

Records of preference reactions of the northern anchovy (Engraulis mordax
Girard) to white lic/ht and infrared radiation plus visible light in a tivo-zone tank.

Eight fisfi were used i?i each test.

Exp.
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Table XXVI

Hecoi-ds of preference reactions of the northern anchoxiy (Engraulis mordax

Girard) to different intensities of white light presented in sharply contrasting pairs

in a two-zone tank. Eight ftsJi ivere used in each test.
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determine the al)ility of tlie sardine to discriminate colored and white lijihts

qualitatively. Those experiments demonstrated clearly that different lights

and darkness do affect school behavior and schooling patterns; also shown
was the ability of the sardine to discriminate between lights on the basis of

wave length. The sardines were attracted most of all by green light; they

were repelled by both red light and total darkness (Loukashkin and Grant,

1959).^

The results of recent experiments with the northern anchovy, to deter-

mine their ability to discriminate among differently colored lights and dark-

ness, are strikingly similar to those obtained in the experiments with the

Pacific sardine. The anchovy, however, was able to differentiate green light

from the blue, while the sardine failed to do so. In choice experiments in

whicli the blue and white lights were presented responses of the anchovy
in favor of the blue light (52.15 per cent) were lower than those of the

sardine (73.05 per cent), ('omparative data on the responses of these two
species are assembled in the table XXYTT.

Table XXVII

Comparison of preference reactions of the northern anchovy and Pacific sardine

to monochroniatic and white lights in a tivo-zone tank.

Description

Responses in per cent

Lii^ht source
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In tlie series of ex])eriments comparing' the effects of green, blue, red,

and white lights in a two-zone tank (tables I, II, III, V, VI, VIII) only

2,315 fish or 10.72 per cent out of 21,600 fish responded positively to red

light, and 19,285 fish or 89.28 per cent responded positively to the other

lights. The negative reaction of the sardine toward red light was stronger:

of 36,000 fish, 2.300 or 6.67 per cent were found in the red-light zone, and

33,610 fish or 93.33 per cent in the other light zones. Comparative data are

shown below to better illustrate the preferential responses of the anchovy

and sardine to colored and white lights.

Table XXVIII

Responses in per rent

Description Anchovy Sardine

(A) Green 82.13 74.35

Blue, Red, White together 17.87 25.65

(B) Blue 53.52 73.71

Green, Red, White together 46.48 26.29

(C) Red 10.72 6.67

Green, Blue, White together 89.28 93.33

(D) White 53.63 45.30

Green, Blue, Red together 46.37 54.70

In the three- and four-zone tank (tables XII, XIII, and XIV) green

light was found to have the same effect as in the two-zone tank. The
anchovies consistently responded in favor of the green light regardless of

the intensities of the opposing lights. As was true for sardines (Loukashkin

and Grant, 1959), anchovies were attracted mostly by the blue-green region

of the spectrum. They showed a preference for green light over blue, for

green over red, and for green over white. A preference for blue, in the ab-

sence of green, over red and white was also evident. Similar results were

obtained by Breder (1959) in his experiments using monochromatic lights

of low intensities (2 foot-candles) on Sardinella macrophtJiahna, Jenkinsia

lamprotaenia, and some other fishes. He observes that, when contrasting

colored lights are presented in pairs, "a general tendency is evident for

fi.shes to respond more definitely toward the shorter wave lengths (the blue

and greens) and much less toward the longer wave lengths (reds)."

The attractive value of the blue-green region of the spectrum w^as dem-

onstrated in experimental studies by several Japanese behaviorists on young
marine fishes, such as Oplegnathus fascia tus, Stephanolepis cirrhifer,

Scomh&romorus nipJwnius, Fugu niphohles, Fugu ruhripes, Mugil cephahis,

Gi7-ellu pnmctata, PempJieris japonica, Trachunis japonicus, and the fresh-
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water Oryzias latipes (Kawamoto, 1959; Kawamoto and Konishi, 1952;

Kawamoto and Takeda, 1950, 1951; Ozaki, 1951).

Protasov (1957) investigated the responses of several species of the

Black Sea fishes to monochromatic and white lights in the seaquaria of the

Sebastopol Biological Station. He found that the ombre, Corvina umhra,

responded positively to violet, blue, light blue, green and white lights, and
even to ultraviolet rays. The juvenile sturgeon "sevriuga," Acipenser

stcUatus, was found to be phototatic to all types of lights applied but the

responses were rather quantitative in character. The fish reacted positively

only to higher intensities of the light, regardless of color. The horsemackerel

"stavrida," Trachurus trachurus, displayed indifference to the blue-green

region of the spectrum, but when the intensity of the light was increased

( X 5 ) the fish reacted negatively. This fish responded less positively to

white light than to red, especially when water temperature was lowered.^

A year later, Protasov (1958) published the results of his studies on the

sensitivity of the fish eye to different wave lengths of light, establishing

boundaries of the visible spectrum for certain marine and freshwater fishes,

as shown in the following table

:

Species Limits in millimicrons

Trygon pastinaca ~ 420 — ~ 620

Acipenser stellatus ~ 420 — ~ 700

3Iugil auratus ;^ 430 — ;::^ 700

Scorpaena porcus ~ 400 — ~ 600

Silurus glanis ;^ 500 — ~ 700

Cyprinus carpio ~ 480 — ~ 700

Squahis acanfhias ~ 400 — c::: 620

lie also tested the ability of the fish to discriminate monochromatic

lights regardless of their intensities, applying the electrophysiological

method suggested by Bongard (1955) and Bongard and Smirnova (1959).

This study revealed that ?[ugil auratus could distinguish blue, green, red,

and orange lights from one another, but failed to distinguish blue from the

violet and ''extreme red" from red. Scorpaena porcus could discriminate red,

yellow, orange, green, blue, and light-blue lights, but was unable to discrim-

inate violet from the blue and "extreme red" from the red. The Black Sea

turbot, Rhojnhus maeoticus, could distinguish blue, light blue, green, yellow,

orange, and red lights, but could not differentiate violet from the blue.''

" The rather unusual reaction of the Black Sea horsemackerel Cin view of the Kawamoto experiments

with the Japanese horsemackerel) had been reported earlier by Safianova (1952). who demonstrated preferen-

tial reactions of this fish to the orange-red illumination.

" Protasov's studies would have been more complete had he determined the ability nf his fishes to react

preferentially to certain wave lengths as well.
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As to Iho I'csponses of marine fishes to monocliromatic lights in ex])eri-

iiieiits under natural conditions in the open sea, there are several reports

of interest to be mentioned in connection with the present stndy. Poehekaev

( 1949), testing the effects of overhead and submerged electric lights in the

inshore waters of Sakhalin Island as possible attractants in local fisheries,

obtained positive phototactic reactions as follows: (1) of the pond smelt,

Hypomesus olidus; saury, Cololahis saira; and Eastern dace Leuciscus

hnindti (all three in juvenile stage) to white, yellow, and violet lights; (2)

adult dace, to white and yellow (violet light was not used); and (3) trout

"kundzha," SdJvelinus leucomaenis, pond smelt and saury (all adult), to

white light (the other two sources were not used).^

In addition to Pochekaev's data on pond smelt, Baranov (1955) found

this fish also responded readily to and aggregated in quantities around sub-

merged electric lamps emitting blue, red, and white light, the latter ap-

pearing to be the more effective attractant. As to the saury, Yudovich

(1956) and Gristchenko et al. (1957) described the effectiveness of the

blue and red lights in experimental saury catches in the northwestern

Pacific. The blue light was used to attract the fish to the vessel (up to forty

500-watt incandescent lamps were installed along one side of the vessel);

the red light (not more than four 500-watt incandescent lam]3s on the op-

posite side of the vessel) was used for operational purposes. When an aggre-

gation would form in the blue light zone, the light would be extinguished

and the red lamps would be turned on. The fish aggregation then would

move from the darkened zone into the new dimly illuminated red zone

where conical lift nets or blanket nets were installed. Upon lifting the nets,

the red lights would be turned olT and the blue lights turned on. This pro-

cedure would be repeated several times at one night light station.^

Experiments carried out by Japanese fishery biologists in the open sea

revealed the effectiveness of other monochromatic lights in attracting saury.

Tnght of 4,000 angstroms (violet) wave length Avas found to be most ef-

fective, and that of 6,000 angstroms (red) the least eifective (Takayama,

1956).

^ Poehekaev indicated that violet light attracted the squid, Ommastiepes sloani pacificus, in great masses.

A marked preference for violet light over both yellow and white lights was displayed by an instant phototaxis

following switching on of the violet lamp and in a short time by the mass aggregation of the squid schools

within the illuminated zone. The other two lights were found to be good attractants too, but to a much lesser

degree. Positive phototaxis toward white light was recorded for the California squid, Loligo opalescens, by

Radovich and Gibbs (1954) and for the Mediterranean squid, Loligo vulgaris, by Verheijen (1958).

"The use of a two-light arrangement as described by Yudovich (1956) and Gristchenko (1957) was

introduced in the saury fisheries industry of Japan in the years following the end of World W;ir II: il has

lieen highly appreciated by the fishermen whose catches have rapidly increased (Parin. 1956; I'okrovsky,

1957). The total annual landings of saury in prewar years (1936-1939) in Japan, before the u.se of artificial

lights, amounted to less than 10,000 metric tons. With introduction of light attractants, the catch in 1947

reached 22,900 metric tons; in 1950, 126,400 metric tons; and in 1954, 292,700 metric tons (Ra.ss, 1956).

By 1957 the number of fishing vessels with electric-light equipment employed in saury fisheries exceeded

2,000: the annual catch for the .same year reached 375,000 metric tons (Fukuhara, 1959).
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In experimental stndies of natural visual responses oi" the yellowfin tuna,

Neothunnus macroptenis, and little tunny, Euthynnus yaito, in the Hawaii
Marine Laboratory of the University of Hawaii, electric lijihts of white,

blue, <ireen, orange, red, and yellow colors were applied. The fish responded
to colored and white liiihts, l)nt "green lioht appeared to attr-act tuna"
(Hsiao. 1952: Tester, 1959).

According- to Xikonorov (1956a), the Caspian anchovy-like sprat

"kilka," ChipeoneUa engrauUfonnis, in its natural environment "prefers"

white lig-ht emitted by the submerged electric lamp when this light was
presented paired with green or red lights. When green and red lights were
]iresented together, the fish concentrated near the green lamp. In studying
another Caspian sprat, CJupeonella delicatula caspia, under identical en-

vironmental conditions and using monochromatic and white lights, Borisov

(1955) found out that the most effective aftractant was ordinary white
light. The results of his trials, expressed in per cent, are shown below:

Catches made with ap])lication of: -<

white light

yellow light

oi-ange light

blue light

green light

red light

no liu'ht

57.2

27.6

5.9

5.0

3.8

0.5

0.0

Total 100.0

In evaluating the results of his exploration, Borisov observed, "Here,

apparently, is reaction to the intensity of light but not to the color of light."

From this remark it could be assumed that light intensities of the lamps

used by Borisov and his associates were not uniform, and therefore the

results he obtained were not conclusive. ^°

During the present investigation, two other species of schooling marine

fishes, occasionally available for comparative study, were subjected to the

influence of lights. One of them, the topsmelt, Atheriyiops affinis (Ayres),

was kept in captivity for quite a long time; the second, the Pacific herring,

Clupcaa pallasii Valenciennes, had been captured at the end of the spawning

season and was used in tests following the fish's initial adaptation to an

artificial environment in the 1000-gallon display tanks of the Steinhart

Aquarium. The results obtained with these fishes are shown in tables below:

^° Borisov never mentioned eitlier ligiit intensity figures or spectrographic values of his monochromatic

lights in his report. This is also true for most of the Russian works cited in the present paper.
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Table XXIX

Records of responses of the toijsmelt to monochromatic and white lights and

darkness. Each experiment consisted of five tests of 100 recorded observations on

a (/roup of eight fish. Light intensity was maintained at the 5 foot-candle level.

Pair of contrasting light zones

Experiment ~ ,, .,, Z ,,„,, „ ^ ,Zone A Zone B Total
number

Frequency oj distribution

Number Per cent Number Per cent Number Per cent

Top-1 Green light Red light

3,970 99.25 30 0.75 4,000 100

Top-2 Blue light Red light

3,610 90.25 390 9.75 4,000 100

Top-3 Blue light White light

3,400 85.25 590 14.75 4,000 100

Top-4 Red light Darkness

2,536 63.40 1.464 36.60 4,000 100

As seen from this table, the preference responses of the topsmelt were

toward the green and blue lights. As in the ease of the Pacific sardine and

northern anchovy, the red light had no attractive value, except when it was

opposed by darkness.

Table XXX
Records of resj^onses of the Pacific herring to monochromatic and tvhite lights.

Each experiment consisted of five tests of TOO recorded observations on a group of

six fish. Light intensity was maintained at the 10 foot-candle level.

Pair of Contrasting tight zones

Experiment

number
Zone ".4" Zone "B" Total

Frequency of distribution

Number Per cent Number Per cent Number Per cent

Hrg-l Blue light Red light

2,115 70.50 885 29.50 3,000 100

Hrg-2 Green light Red light

1,591 53.10 1,409 46.90 3,000 100

Hrg-3 White light Red light

1,524 50.80 1,476 49.20 3,000 100

Possibly, because of the physical and physiological condition of the her-

ring captured during spawning season (in fact, a few females sjiawned on

the tank's walls soon after delivery of the captured fish), their responses to

monocliromatic and white lights are quite different fi'om tliose of the an-
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fliovy and toi)smelt. Only in one of the three experiments did the herring

display strongly negative reactions to red light and preferentially positive

reaction to the contrasting light (bine). Gristchenko (1951) and Nikolaev

(1957), speaking of the Pacific herring, and Tihonov (1959) —of the At-

lantic herring, state that in experiments condncted in the open sea they

found seasonal changes in phototactical l)ehavioi' of this fish to the artificial

lights. During the fattening period, l)oth herrings reacted positively to

light, and readily aggregated in masses in tlie illuminated zone. During the

spawning season they became phototactically negative. ^^ This may well ex-

plain the confusing results shown in the table XXX.
In closing this discussion on color vision in fishes, a few words should

be said about the results of certain experiments in which "training" tech-

niques have been successfully applied (e.g., feeding responses associated

with a stimulus of restricted wave length). In the classical work of Reeves

(1919) the sunfish, Lepomis gihhosus, and horned dace, SevwtiJus atro-

maculutus, were trained to discriminate light of longer wave lengths from

light of shorter wave lengths and from clear light. Blennius pkoUs, used in

experiments reported by Bull (1957) in which he applied differential con-

ditioning, displayed unusual ability to qualitatively discriminate mono-

chromatic lights. One of the most interesting studies on color vision in fishes

recently published is that of Arora and Sperry (1958). These investigators

applied training techniques too. Astronotus ocellatus was used as an experi-

mental animal. They found that this fish was able to distinguish red, blue,

yellow, and green lights, and painted objects from each other and from

various shades of grey. After training, the optic nerve was sectioned; the

fish became blind. Regeneration of the sectioned optic nerve and restoration

of vision took from 36 to 40 days; upon recovery of vision the fish displayed

an ability to discriminate among the colors without further training. A fish

which had not been trained prior to the blinding, by sectioning of the optic

nerve, learned color discrimination as fast as normal fish. In the opinion

of Arora and Sperry, the fish were able to discriminate between colors

qualitatively rather than merely because of variation in intensity. In the

much earlier work of Brown (1937), who worked with large-mouth black

bass, it was concluded that, "in general, and excepting the violet, the degree

of difference of different colors to bass is a function of difference in wave
length." Puchkov (1954) states, "the ability of the fish to distinguish

colors undoubtedly exists." Discussing the results of von Frisch's (1933)

experiments, Puchhov observed, "if the fish were color blind, it would per-

11 Similar seasonal peculiarities in the behavior of certain marine fishes were recently reported by several

Russian investigators: Parin (1956) in regard to saury; Safianova (1952, 1958) and Radakov (1956) con-

cerning the Black Sea anchovy, Engraulis encrasicholus pontica, and horsemackerel, Trachurus trac hunts;

and Lovetskaya (1958) about the Caspian sprat, Clupeonella delicatula caspia.

Of the freshwater fishes, adult bream, Alburnus alburnus, in experimental studies in the laboratoi\- carried

out by Privolnev (1956) displayed phototactical periodicity wiih a change four times a jear.
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ceive the red color as grey, and thus it would mistake red cups for the grey

ones of corresponding brightness. However the fish always distinguished

red cups from the grey ones of different degrees of brightness." Walls

(1942) flatly concluded that "no reasonable student of the problem [of the

color vision in fishesj any longer doubts that fishes —all duplex teleosts at

least —can experience hue as a sensation-quality apart from brightness."

Fifteen years later, Brett (1957) recognized Walls' statement as the best

formulated conclusion to the problem.

As to the present study of the innate ability of the northern anchovy

to react differently to light of different wave lengths, the authors are in-

clined to consider the anchovy's perception of the applied lights strictly as

a function of wave length apart from the intensity of the light, in accord-

ance with their earlier report on color vision in the Pacific sardine (Lou-

kashkin and Grant, 1959).

(2) On responses of the northern anchovy to ultraviolet wave length in

relation to reactions of other species.

Illumination of the aquatic media differs from that of the aerial environ-

ments both quantitatively and qualitatively. Clark (1954) said that the

sunlight upon entering water undergoes many changes. First of all, about

10 per cent or more of the light is lost because of reflection at the surface

or beneath it. Traveling downward, the light is further modified not only

in its intensity but also in its spectral and other properties.^-

Baburina (1955) states that infrared rays are absorbed in tlie fii-st meter

layer of water. Ninety per cent of the red rays disappear within a depth of

five meters; and ninety per cent of the green region of sunlight spectrum

is absorbed before reaching thirteen meters of depth. Only violet and

ultraviolet rays reach a depth of five hundred meters. The ultraviolet rays

were detected 1,000 and more meters below the ocean surface. In conformity

with this she maintains that "the eye of the fish is less sensitive to the red

and more sensitive to the yellow, green, blue, and violet rays than the hu-

man eye, but in contrast with the human eye it is also sensitive to the ultra-

violet region of the spectrum." Craig and Baxter (1952), speaking of the

physiological importance of the ultraviolet component of natural light in

aquatic environments, observed that "in the sea water there is differential

absorption so that the centre of maximum intensity is displaced somewhere

towards shorter wave lengths, the precise effect depending upon depth and

the nature of the sea water. Weshould not, therefore, be surprised to find

marine creatures sensitive to a range including a portion of ultraviolet

spectrum." These tlieoretical reasonings concerning the ability of the fish

^^ For instance, Boden et al. (1960) found that in the Bay of Biscay sunlight passing through water

"becomes steadily bluer with depth until at 400 meters the spectrum peaks sharply between 475 and 480
millimicrons."
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eye to perceive ultraviolet wave lengths appear to l)c well founded and
correct as has been demonstrated by recent experiments in both the open

sea and in the laboratory.

Protasov (1957), who ai)i)lied an electrophysiological method in the

investigation of vision in a number of marine fishes, obtained definite proof

that the Black Sea ombre, Vorvinaumhra, could respond to ultraviolet rays

as jiositively as to the rays of the visible spectrum.^"

With facilities, sources of radiation, and techniques used in the present

study, natural responses of the anchovy to ultraviolet rays seemed to be mis-

leading l)ecause the fish responded inconsistently to ultraviolet light in

various combinations with ()])])osing wave lengths of light. Tliese i-esponses

were found to vary from indifferent and negative to highly positive. Be-

cause of this seemingly individualistic and confusing behavior of the anchovy

in response to the ultraviolet radiation, further experimentation is neces-

sary, especially in total darkness with the application of better filters totally

isolating the wave lengths of the visible region of the s|)eitrum. Breder

(11)59), who experienced the same difficulties with his ex])erimental fishes,

in his very carefully worded conclusion states "there is some evidence to

support the view that some fishes show a positive reaction toward ultraviolet

wave length, but this recjuires extended analysis . .
." lie found out that

males of Ganihusia sp. were ultraviolet positive, the females negative. In his

experiments AnopticMkys huhhsi reacted positively, and Ayioptichthys

jordani negatively in one case; both species were slightly negative in

another case. Jenkifisia Inmprotacnia was found to be "ultraviolet positive

to a very marked extent," and Atherina stipes showed an individualistic

liehavior toward the ultraviolet, being either attracted, or re]ielled, or in-

different. Brachijdanio rerio displayed a strong positive reaction to the

ultraviolet radiation.

As to the use of sources of ultraviolet radiation in tests in the open sea,

only a few" attempts have been made. A Netherlands research vessel carried

out experiments along the Belgian coast but without success (de Boer,

1950). Craig and Baxter (1952), however, obtained immediate reactions

of several species of marine fishes and other marine organisms to a sub-

merged source of ulti'aviolet radiation ( r25-watt "black" ulti-aviolet lam])).

They list the following fishes as infiuenced by ultraviolet rays: herring,

mackerel, horsemackerel, dogfish, and whiting. Blaxter and Parrish (1958)

also obtained ])ositive aggregation of fish around the same source of radia-

tion as used by Craig and Baxter, but they assumed that the reactions to

the ultraviolet light might have been "diu' to the fluorescence from micro-

organisms in the water" rathei- than to the "black light" itself.

The inconclusive results of the experiments herein discussed ]irompt

i^ Of freshwater fishes, the trout and pike have been known to perceive ultra\'iolct wave lengths of light

("Reflector," 1949).
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the aiitlior.s to consider the data ()l)tained as a ]>i-eliniinary step toward

further ex])erimeiitatioii tisiiii>- iinjiroved soitrees of radiation and applyinti"

})ert'ected teehni<ptes in the study of l)ehavioral res]>onses of the marine

fishes toward ultraviolet radiation.

(3) On responses of the northern anchovy to infrared radiation witli refer-

ence to ex]ieriments of other behaviorists.

There was no evidence that they were attracted, repelled, or fri<>htened

by the radiation, which suggests that they did not perceive the infrared

wave length. This conforms with work of Duncan (1956) who found that

fingerling silver salmon, Oncorhynchus kisufch, failed to respond in any

tnanner to infrared radiation. Breder (1959) has found no indicative evi-

dence that fishes wottld respond differently to radiant heat (infi'ared radia-

tion) and ambient temperature.

(4) On responses of the northern anchovy to different values of intensity

of white light.

The experiments itsing wdiite light of varying intensities in two separate

arrangements (in one tliese intensities ranged from 2 to 100 foot-candles,

in the other from 75 to 500 foot-candles) revealed a natttral ability of the

anchovy to respond ])ositively to intensities of luoderate values regardless

of the order of light arrangement, and to react negatively to both tlie

highest and the lowest intensities in the arrangement. On tlie other hand,

in a series of exi)eriments ittilizing sharply contrasting light intensities i)re-

sented in pairs, the aitchovies always responded positively to the lower

values and displayed a marked avoidance reaction toward tiie brighter

illumination. The results obtained in the present preliminary study suggest

other tests, to be made in near future, might disclose the degree of sensi-

tivity of the fish eye to the changes in the intensity of illumination, as well

as the s])ecific adaptation of the eye to certain intensity values as earlier

demonstrated by Privolnev (1958) on samples of young carp, Cyjjrinus

carpio, and young tench. Tinea tinea. He had fottnd both were able to dif-

ferentiate intensities of white light when these intensities were 75 per cent

to 85 per cent greater than those to which the experimental fish w^ere orig-

inally adapted.

As with other species fottnd suitable for training, the northern anchovy

and Pacific sardine should not present any difficulty in training stitdies.

[Tsually, the newly delivered wild anchovies and sardines began to take food

after 5 to 7 days of acclimation to the artificial environment of the Stein-

hart Aquarititu. Following this, the fish were trained to break up the school,

to ascend to the surface, and to swim close to the position occupied l)y the

feeding person. The training consisted of propelling a tal)lespoon in the
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water for 10-15 seconds ])ri()r to dropping live food (hriiie slu'inip) into

water. Both the sardines and anchovies became conditioned to the sound of

propelling- the spoon, developing a feeding reaction within three to five

trials (once a day), and they retained this response permanently. This con-

ditioned response was of great help to the investigators at times when they

had to pick up a few live specimens from the 1,000-gallon tank.

V. SUMMAEY

1. The present investigation was conducted in order to study experimen-

tally the effects of various types of illumination on the northern anchovy,

Engniulis mordax Girard, from the point of view of its ability to discrim-

inate between different wave lengths of the light s])ecti-um and different

intensity values of the white light.

2. The discriminating ability of the anchovy in regard to different types

of visible and non-visible light radiation was explored in the specially con-

structed dark room and an experimental wooden tank which was divisible

into a number of light zones |in accordance with the nature of the experi-

ment to be carried out].

3. In tlie two-zone experiments the following paired lights were tested:

green-blue, green-red, green-white, green-darkness, blue-red, blue-white,

blue-darkness, red-white, red-darkness, and white-darkness. Ultraviolet was

tested in pairs with green, blue, red, white, and darkness; infrared with

darkness or with white light.

1. hi the three-zone experiments the following combinations of lights were

tested : green-red-white, green-white-darkness, red-white-darkness, blue-red-

darkness, and blue-green-white ("daylight").

5. In the four-zone experiments the green-blue-red-darkness combination

was tried.

(). In the two-zone experiments with monochromatic and white lights, the

intensity was maintained uniformly at the 9 foot-candle level; in experi-

ments with monochromatic lights and ultraviolet rays the intensity was

adjusted to the maximum intensity of the "black lamp" which was equiva-

lent to 0.2 foot-candle. In other ex])eriments using ultraviolet or infrared

wave lengths and white liglit or darkness, tlie intensities varied from almo.st

zero to 500+ foot-candles.

7. In the three- and four-zone exi.erimtnts, the intensities of monochro-

matic and white lights tested were either uniform or of different values.

8. In all combinations of monochromatic and white lights, the effect of red

light on the anchovy remained invariably negative in contrast to the shar]ily

])ositive reaction of these fish toward other lights tested.

n. In two-zone choice experiments the positive reaction of the anchovy for

gi'cen light was found to be 97.86 per cent over the reil (2.14 ])er cent);
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7r).o4 ])er cent ovei- ^vhi1o (24.66 ])er cent); 78. IS per cent over l)lue (26. S2

])er cent). The preference for other li<>ht.s, tested in ])airs, was as f()lh)ws:

SI. 60 i)er cent for blue liiiht over red (IS. 40 ])er cent), and 52.15 per cent

over white (47.S5 per cent); and 88.39 ])er cent for white lij^'ht over red

(11.61 per cent).

10. In the three- and fonr-zone experiments, the anchovies consistently dem-

onstrated positive responses toward the green liglit as they did in the two-

zone experiments. Even a considerable increase in the intensities of the

opi)osing lights could not alter the positive reaction to green light.

11. In the two-zone experiments using ultraviolet light ]>aired alternately

with green, ])lue, or red light, the anchovies displayed three conflicting

responses. These responses were "indifference" in ultraviolet versus blue

light (50.15 per cent - 49.85 per cent), "slightly negative" (45.21 ])er cent)

when ultraviolet was contrasted with green light (54.79 ])ei- cent), and

"highly positive" (71.97 ]ier cent) when it was paired with i-ed (28.08 ])er

cent).

12. In the other two-zone experiments, w^hen ultraviolet and white lights

of much higher intensities were tested, the results were confusing as des-

cribed above. With resi^ect to the ultraviolet light, the responses of the

anchovies varied from negative or avoidance (36:64), through indifference

(50:50), to positive (72:28).

13. In experiments utilizing infrared radiation, the anchovies seemed

totally unable to j^ereeive it.

14. In ex])eriments intended to test the ability of anchovies to differentiate

among different white light intensity values they seemed able to do so as

evidenced in the tests with four and five intensity zones, and even more

markedly in the two-zone experiments.

15. In the five-zone tQst arrangement in which intensities of light ranged

from 2 to 100 foot-candles, the fish responded preferentially to the moderate

intensities of the central zones (29.23 per cent for the 20 foot-candle zone,

and 41.94 per cent for the 50 foot-candle zone, or 71.17 ])er cent for both).

16. In the four-zone test arrangement of white light used in intensities of

75, 125, 250 and 500 foot-candles, the anchovies reacted toward the mod-

erate intensities of 125 foot-candles (30.21 ]ier cent) and 250 foot-candles

(37.16 ])er cent).

17. In the two-zone test experiments involving sharply contrasting inten-

sities of 500 foot-candles, as a constant value, paired with much lower values

ranging from 2 to 20 foot-eandles, the reaction of the anchovies was always

in favor (60.42 per cent to 83.71 per cent, averaging 68.52 ])er cent) of the

lowei* intensity values.

18. The experiments herein described and discussed reveal a few im])ortant

factors in the inactions of the anchovv to light and darkness: (1) the an-
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cliovy is a })hototaetie animal; (2) it is capable of (li.scriniinating- qualita-

tively between monochromatic (green, blue, red) and white lights; (3) it

is able t(i distinguish green light from blue (the Pacific sardine failed to do

so) : (4) it shows a preference for g-reen and blue lights over white; (5) it

]ir()ve(l to react strongly negatively to red light. However, the fish tolerated

this type of illumination when it was tested as an alternative to total dark-

ness, and showed a highly ])ositive response in such a case to the red light;

(6) in its reaction toward the ultraviolet wave lengths it displayed a rather

individualistic pattern of behavior; (7) it is unable to perceive infrared

radiation; (8) it is capable of reacting differently to dift'erent intensities of

white light ranging from 2 foot-candles to 500 foot-candles.

VI. ACKXOWLEI)OMEXT^^

This work has l)een carried on with funds jn-ovided by the ^larine Re-

search Committee as a ]>art of the California Cooperative Oceanic Fisheries

Investigations. The authors express their appreciation to Dr. Robert C.

^liUer, Senior Scientist of the California Academy of Sciences, for his keen

interest in the studies and for encouragement and valuable suggestions

during the jirogress of the research; to Dr. Earl S. Herald, Curator of

Aquatic Biology, California Academy of Sciences, for his willing coopera-

tion and valuable counsel; and to Dr. Alan E. Leviton, Curator of the De-

partment of Amphibians and Reptiles, and ^Irs. Lilian Dempster, Associate

Curator of Fishes, California Academy of Sciences, for their extremely

helpful assistance in ])re])aring the manuscript. Acknowledg:ment is made
also to Mr. Garth I. IMurphy, Coordinator of the California Cooperative

Oceanic Fisheries Investigations, and to ]\Iiss Carol Bumgardner for help-

ful and constructive criticism of the maiuiscript; and to the management

of the (General Electric Company, the I'ltra-Violet Products, and the

Corning Gla.ss Works for jn-oviding important data and for their permission

to re])r()duee official charts in the ]U'esent study.

LITERATURE CITED

Akoka. H. L.. and R. "W. Spkkky

1958. Studies on color discrimination following optic nerve regeneration in the

cichlid fish, Astronotiis oceUatus. Anatomical Record, vol. 131, no. 3,

p. .529.

Babtkixa, E. a.

1955. Structural and functional properties of the fish eye. Trudy Sovestchania

po voprosam povedenia i razvedki ryb 1953 g. (Transactions of the

Conference on the problems of fish behavior and reconnaissance of

the fish, 1953.) Edited by E. N. Pavlovsky, Academy of Sciences of the

U.S.S.R., Ichthyological Commission, issue 5. pp. 90-103, 12 text figs.,

Moscow, Academy of Sciences Press, In Russian.



684 CALIFORNIA ACADEMYOF S!CIENCE^ [Puoc. 4Tn Siou.

Babikina, E. a. —Cont.

1958. Characteristic properties of development of the eyes and their functions

in fishes. Trudy Sovestchania po fiziologii ryb 1956 g. (Transactions of

the Conference on physiology of the fishes, 1956.) Edited by E. N. Pav-

lovsky, Academy of Sciences of the U.S.S.R., Ichthyological Commis-

sion, issue 8, pp. 101-110, 10 text figs., Moscow, Academy of Sciences

Press, in Russian.

Baranov, J. B.

1955. Experimental catch of fish with the aid of electric light in waters of

Primorie. Izvestia (Bulletin) of the Pacific Research Institute of

Fisheries and Oceanography, vol. 43, pp. 139-166, 7 text figs., Vladi-

vostok, in Russian.

Beiu;, L. S.

1932-33. Les poissons des eaux de I'U.R.S.S. et des pays limitrophes, 3-e edi-

tion, revue et augmentee, 899 pp., 762 text figs., 1 map on separate

sheet (in color). Published by the All-Union Research Institute of

Lake and River Fisheries, Leningrad, in Russian.

Bek(;, L. S., et ah. editors

1949. Commercial fishes of the U.S.S.R. (see under Ministry of Fisheries In-

dustry).

Bi.axtek, H. H. S., and B. B. Parkisii

1958. The effect of artificial lights on fish and other marine organisms at sea.

Marine Research, no. 2, 24 pp., 3 text figs., 7 tables, 1 plate, Scottish

Home Department, Edinburgh.

BoDEN, B. P., E. M. Kampa, and J. M. Snoixjkass

1960. Underwater daylight measurements in the Bay of Biscay. Journal of the

Marine Biological Association of the United Kingdom, vol. 39, no. 2,

pp. 227-238, 8 text figs., 2 tables and 1 plate, Cambridge, University

Press.

BOEK, P. A. DE

1950. Ervaringen met het echolood tijdens de ijle haringteelt op de Belgische

kust. Visserij-Nieuws, 2(11)127 (Summarized in the World Fisheries

Abstracts, vol. 1, no. 4, July-August, 1950).

BONDARENKO,A. F.

1951. The mass catch of the sprat "kil'ka" with electric light. Rybnoie Ho-

ziaistvo, no. 12, pp. 8-10 (Fisheries Economy), Moscow, in Russian.

BONGARD,M. M.

1955. Colorimetry on animals. Doklady Akademii Nauk S.S.S.R. (Compte

Rendus of the Academy of Sciences of the U.S.S.R.), vol. 103, no.

2. [After V. P. Protasov, Electrophysiological study of vision in fishes,

1958, as listed below], in Russian.

BoNGARD, M. M., and M. S. Smirnova

1959. Color vision in man and animals. Priroda (Nature), no. 5. [After I. V.

Nikonorov, 1959, Application of light blocks in sprat fishing with fish

pump, Rybnoie Hoziaistvo. no. 12, pp. 42-47, 5 text figs., in Russian.]



Vol.. XXXI] LOUKAl^HKIN d- GRANT: THE NORTHERNANCHOVY 685

BoRisov, p. G.

1950. Fishing with the aid of electric light, 24 pp., 10 text figs., Moscow, in

Russian.

1955. The behavior of fishes under the influence of artificial light. Trudy
Sovestchania po voprosam povedenia i razvedki ryb 1953 g. (Trans-

actions of the Conference on the problems of fish behavior and recon-

naissance of fish, 1953.) Edited by E. N. Pavlovsky, Academy of

Sciences of the U.S.S.R., Ichthyological Commission, issue 5, pp. 121-

143, 5 text figs., Moscow, Academy of Sciences Press, in Russian.

Bonisov, P. G., and N. S. Ovsiannikov

1951. A key to the commercial fishes of the U.S.S.R., 178 pp., 267 text figs.,

Moscow, in Russian.

BoRisov, P. G., and V. P. Pkoi asov

1959. The employment of incandescent lamps and selective sources of light for

catching the fish. Rybnoie Hoziaistvo (Fisheries Economy), no. 12, pp.

48-49, Moscow, in Russian.

Bredek, C. M., Jk.

1959. Studies on social groupings in fishes. Bulletin of the American Museum
of Natural History, vol. 117, no. 6, pp. 397-481, 28 text figs., 20 tables,

and plates Nos. 70-81 with 23 photos.. New York.

BUETT. J. R.

1957. The sense organs: the eye. Chapter II, part 1, in The Physiology of

Fishes, vol. II. Behavior, Edited by Margaret E. Brown. Pp. 121-154, 10

text figs., and 1 table, New York.

Brown, F. A., Jr.

1937. Responses of the large-mouth black bass to colors. Illinois Natural His-

tory Survey Bulletin, vol. 21, no. 2. pp. 33-55, 10 text figs., 11 tables

and 1 color plate.

Bill, H. 0.

1957. Behavior: Conditioned responses. Chapter III, part 1, in The Physioloyy

of Fishes, vol. II, Behavior, Edited by Margaret E. Brown. Pp. 211-228,

1 text fig., 1 table, New York.

ClIUGUNOVA, N. I.

1955. Discussion (on responses of the Caspian sprat and shads to the under-

water electric light). Trudy Sovestchania po voprosam povedenia i

razvedki ryb 1953 g. (Transactions of the Conference on the problems

of fish behavior and reconnaissance of fish, 1953.) Edited by E. N. Pav-

lovsky, Academy of Sciences of the U.S.S.R., Ichthyological Commis-

sion, issue 5, pp. 206-212, 6 text figs., Moscow, in Russian.

Clarke, G. L.

1954. Elements of ecology. Contribution no. 704 from the Woods Hole Ocean-

ographic Institution, 534 pp., many text figs., New York - London,



tJS6 CALIFORNIA ACADEMYOF SCIENCES [Puoc. 4tii Si;i{.

Ckaig, R. E., and I. G. Baxtek

1952. Observations in the sea on the reaction to ultraviolet light of certain

sound scatterers. Journal of the Marine Biological Association of the

United Kingdom, vol. 31, no. 2, pp. 223-227, 1 plate with 2 photos.,

Cambridge University Press.

Duncan, R. E.

1956. Use of infrared radiation in the study of fish behavior. Special Scientific

Report- Fisheries, no. 170, U.S. Department of the Interior, Fish and
Wildlife Service, 16 pp., 9 text figs.

Ei.i.soN, J. G.

1953. Experiments with a "fish pump." Commercial Fisheries Review, vol. 15.

no. 2, pp. 27-29, 4 text figs., Washington, D.C.

Ekkmt.stov, F. Z., and M. G. Nikonova

1949. Catching the sprat "kirka" with electric light. Rybnoie Hoziaistvo (Fish-

eries Economy), no. 3, pp. 19-20, Moscow, in Russian.

EVTEEV, I. A.

1953. The influence of the moonlight on catching the sprat "kil'ka" with the

aid of electric light. Rybnoie lioziaistvo (Fisheries Economy), no. 4,

pp. 16, Moscow, in Russian.

Fbisch, K.

1933. Sind der Fische farbenblind? Zoologische Jahrbiicher, Abteilung filr

Allgemeine Zoologie, Ed, 33. [After Prof. N. V. Puchkov, 1954, listed

below.]

FUKt'IIAKA, A.

1959. Some improvements in the stick-held dipnet for saury fishing. An article

in Modern Fishing Gear of the World, edited by Hilmar Kristjonsson.

pp. 422-425, 11 text figs., London, England.

Gkistciienko, G. I.

1951. Experimental herring fishing with application of the electric light.

Izvestia (Bulletin) of the Pacific Research Institute of Fisheries and
Oceanography, no. 34, Vladivostok. [After T. I. Privolnev, 1956, as

listed below], in Russian.

Gristc'iiknko, G. I., V. V. L.\.M)Vsiik\ sky, and A. J. Yicianson

1957. The results of the saury fishing in the Pacific Ocean using electric light.

Rybnoie Hoziaistvo (Fisheries Economy), no. 3, pp. 15-17, 1 text fig.,

Moscow, in Russian.

Hsiao, S. C.

1952. Observations on the reaction of tuna to artificial light. (Contribution no.

24 of the Hawaii Marine Laboratory, University of Hawaii, Honolulu,

Hawaii.) Special Scientific Report- Fisheries, no. 91, U.S. Department
of the Interior, Fish and Wildlife Service, Washington, D.C, pp. 36-58,

3 text figs, and 8 tables.

Hi-usT, P. M., Jk.

1952. Can fish see color? Pennsylvania Angler, vol. 21, no. 12, p. 5.



Vol. XXXI] LOUKASHKINd- GRANT: THE XORTHERNANCHOVY 687

Kawamoto, N. Y.

1959. The significance of tlie quality of light for the attraction of flsh. An
article in Modern Fishing Gear of the World, edited by Hilmar Krist-

jonsson, pp. 553-555, 1 table, London, England.

Kawamoto, N. Y., and J. Ko.msiii

1952. The correlation between wavelength and radiant energy affecting photo-

taxis. Report, Faculty of Fisheries, Prefectural University of Mie,

vol. 1, no. 2, pp. 197 208.

Kawamoto, N. Y., and M. Takeda

1950. Studies on the phototaxis of fish. Japanese .Journal of Ichthyology, vol.

1, no. 2, pp. 101-115.

1951. The influence of wavelengths of light on the behavior of young marine
fish. Report, Faculty of Fisheries, Prefectural University of Mie, vol.

1, no. 1, pp. 41-53, 8 text figs, and 13 tables.

Kikillov, V. M.

1955. On the possibilities of increasing landings of the anchovy in the Black

Sea. Rybnoie Hoziaistvo (Fisheries Economy), no. 8. pp. 11-14, Mos-

cow, in Russian.

Lagixov, I. I.

1955. From the experience of underwater observations from the bathysphere.

Rybnoie Hoziaistvo (Fisheries Economy), no. 8, pp. 54-57, Moscow, in

Russian.

Leskutkix, a. F., I. V. NiKoxoRov, and A. H. Pateev

1955. The catching the sprat "kil'ka" with fish pump and with using electric

light. Trudy Vsesoiuznogo Nauchno-issledovatelskogo Instituta Mors-

kogo Rybnogo Hoziaistva i Okeanografii (VNIRO) (Transactions of

the All-Union Research Institute of the Marine Fisheries and Ocean-

ography), vol. 30. pp. 4-30, Moscow, in Russian.

Leskutkix, a. F., and B. I. Pkihodko

1951. Behavior of the sprat "kil'ka" in the illuminated zone at the fishing with

electric light. Rybnoie Hoziaistvo (Fisheries Economy), no. 12, pp.

11-12, Moscow, in Russian.

Lindsay, E. A.

1948. The use of fluorescent lamps for examining color proofs. Reprint from

Photo-engravers Bulletin, November, 1948, American Photoengravers

Association, by the General Electric Engineering Div.. Lamp Dept., in

a pamphlet LS-122, May, 1949, Cleveland, Ohio; original pagination

not indicated.

LouKASHKiN, A. S., and N. Grant

1959. Behavior and reactions of the Pacific sardine, Sardinops caerulea

(Girard), under the infiuence of white and colored lights and dark-

ness. Proceedings of the California Academy of Sciences, Fourth

Series, vol. 29, no. 15, pp. 509-548, 23 text figs., 9 tables, San Francisco.



688 CALIFORNIA ACADKMYOF SCIFNCEt< [Puof. 4tii Sek.

LOVETSKAYA, A. A.

1955. Discussion (on responses of the three species of the Caspian sprats to

the underwater electric light). Trudy Sovestchania po voprosam

povedenia i razvedki ryb 1953 g. (Transactions of the Conference on

the problems of fish behavior and reconnaissance of the fish, 1953),

edited by E. N. Pavlovsky, Academy of Sciences of the U.S.S.R.,

Ichthyological Commission, issue 5, pp. 182-186, 6 text figs., Moscow,

in Russian.

1958. On the reaction of the sprat "kil'ka" to the light. Trudy Sovestchania

po fiziologii ryb 1956 g. (Transactions of the Conference on the physi-

ology of the fishes, 1956), edited by E. N. Pavlovsky, Academy of

Sciences of the U.S.S.R., Ichthyological Commission, issue 8, pp. 121-

123, Moscow, in Russian.

Ministry of Fisheries Industry of the U.S.S.R.

1949. Commercial fishes of the U.S.S.R. Description of fishes (text to the atlas

of colored plates of fishes), 787 pp., 10 color plates and many text figs.,

edited by Leo S. Berg in association with A. S. Bogdanov, N. I. Kozhin,

and T. S. Rass; All-Union Research Institute of Marine Fisheries and

Oceanography (VNIRO), Moscow, in Russian.

NiKOLAEV, A. P.

1957. On the fishing of fattening herring in the inshore waters of Sakhalin

island with employment of electric light. Rybnoie Hoziaistvo (Fish-

eries Economy), no. 3, pp. 12-14, 3 text figs., Moscow, in Russian.

Nikonorov, I. V.

1955. Catching the Caspian sprat "kil'ka" with the aid of underwater electric

illumination and the fish pump. 32 pp., Moscow, in Russian.

1956a. The observations on the behavior of the Caspian sprats. Voprosy

Ihtiologii (The Problems of Ichthyology), published by the Academy
of Sciences of the U.S.S.R., Division of Biological Sciences, Ichthyo-

logical Commission, issue 6, pp. 21-36, 10 text figs., Moscow, in Russian.

1956b. The theoretical foundation and experimental investigation of the fishing

of the Caspian sprat with fish pump and underwater illumination.

Rybnoie Hoziaistvo (Fisheries Economy), no. 1, pp. 73-77, 8 text figs.,

Moscow, in Russian.

1958. The catching Caspian sprat "kil'ka" with the fish pump and underwater

illumination. 96 pp., Moscow, in Russian.

1959a. Application of the light blocks in sprat fishing with the fish pump.

Rybnoie Hoziaistvo (Fisheries Economy), no. 12, pp. 42-47, 5 text figs.,

Moscow, in Russian.

1959b. The basic principles of fishing for the Caspian "kil'ka" by underwater

light. An article in Modern Fishiiig Gear of the World, edited by Hil-

mar Kristjonsson, pp. 559-566, 15 text figs., London, England.

NiKONORov, I. v., and A. H. Pateev

1959. Sprat fishing with pump and underwater illumination with application

of pulsating electrical current. Rybnoie Hoziaistvo ( Fisheries Econ-

omy), no. 7, pp. 53-58, 4 text figs., Moscow, in Russian.



Vol. XXXI] LOUKASHKINd- GRAlS^T: THE 2,'ORTHERN ANCUOYY 689

O/.AKI, HSAO

1951. On the relation between the phototaxis and the aggregation of young

marine fishes. Report, Faculty of Fisheries, Prefectural University of

Mie, vol. 1. no. 1, pp. 55-66, 10 text figs., 5 tables.

Parin, N. V.

1956. Distribution of concentrations of saury and modern methods of saury

fishing in the north-western part of the Pacific Ocean. Rybnoie

Hoziaistvo (Fisheries Economy), no. 7, pp. 57-61, 3 text figs., Moscow,

in Russian.

1958. The ichthyofauna of the pelagial of the north-western part of the Pacific

Ocean. Priroda (Nature), no. 5, pp. 60-66, 7 text figs., Moscow, in

Russian.

Parrisii, B. B., and R. E. Craig

1951. Sonic layers in the sea. Nature, no. 168, p. 472, London.

POCHEKAEV,V. M.

1949. Reactions of certain aquatic organisms to the electric light. Rybnoie

Hoziaistvo (Fisheries Economy), no. 3, pp. 36-39. 3 text figs.. Moscow.

in Russian.

POKROVSKY,A. N.

1957. On the Japanese saury fishing with the blanket net and light. Rybnoie

Hoziaistvo (Fisheries Economy), no. 3, pp. 75-78, 2 text figs., Moscow,

in Russian.

Priiiodko, B. I.

1951. On sprat Caspian "kil'ka" fishing with electric light in winter. Rybnoie

Hoziaistvo (Fisheries Economy), no. 8, pp. 43-46, Moscow, in Russian.

1957. Some new data on the behavior of the Caspian sprat "kil'ka" within

electric light zone. Rybnoie Hoziaistvo (Fisheries Economy), no. 10,

pp. 47-52, 5 text figs., 3 tables, Moscow, in Russian.

Privolxev, T. I.

1956. The reaction of fish to the light. Voprosy Ihtiologii (The Problems of

Ichthyology), published by the Academy of Sciences of the U.S.S.R.,

Division of Biological Sciences, Ichthyological Commission, issue 6,

pp. 3-20, 5 text figs., Moscow, in Russian.

1958. The reactions of fish to different intensities of the light. Trudy

Sovestchania po fiziologii ryb 1956 g. (Transactions of the Conference

on physiology of the fishes, 1956.) Edited by E. N. Pavlovsky, Academy

of Sciences of the U.S.S.R., Ichthyological Commission, issue 8, pp.

93-96, 1 text fig.. Academy of Sciences Press, Moscow, in Russian.

Protasov, V. R.

1957. Reactions of certain Black-Sea fishes to the light. Voprosy Ihtiologii

(The Problems of Ichthyology), published by the Academy of Sciences

of the U.S.S.R., Division of Biological Sciences, Ichthyological Com-

mission, issue 9, pp. 144-146, 2 tables, Moscow, in Russian.



690 CALIFORNIA ACADEMYOF t^CIFNCES [Pkoc. 4Tn Skii.

Photasov, V. R. —Cont.

1958. Electrophysiological study of vision in fishes. Trudy Sovestchania po

fiziologii ryb 1956 g. (Transactions of the Conference on physiology

of the fishes, 1956), edited by E. N. Pavlovsky, Academy of Sciences

of the U.S.S.R., Ichthyological Commission, issue 8, pp. 111-114, 2 text

figs., 2 tables, Academy of Sciences Press, Moscow, in Russian.

PUCIIKOV, N. V.

1954. The physiology of fishes, 369 pp., 108 text figs., Moscow, in Russian.

Radakov, D. V.

1956. On studying behavior of the fishes during the fishing operations. Voprosy
Ihtiologii (The Problems of Ichthyology), published by the Academy
of Sciences of the U.S.S.R., Division of Biological Sciences, Ichthyo-

logical Commission, issue 6, pp. 37-46, Moscow, in Russian.

Radakov, D. v., and B. S. Soloviev

1959. The first experimental employment of the submarine for observation of

the herring's behavior. Rybnoie Hoziaistvo (Fisheries Economy), no.

7, pp. 16-21, 4 text figs., Moscow, in Russian.

Raoovich, J., and E. D. Gibbs

1954. The use of a blanket net in sampling fish populations. California Fish

and Game, vol. 40, no. 4, pp. 353-365, 7 text figs., 4 tables, Sacramento,

California.

Rasalon, S. B.

1959. The development of the Philippine Bagnet (Basnig) for increased effi-

ciency. An article in Modern Fishing Gear of the World, edited by Hil-

mar Kristjonsson, pp. 418-421, 7 text figs., London, England.

Rass, T. S.

1956. On the fisheries of Japan. Rybnoie Hoziaistvo (Fisheries Economy) no.

1, pp. 61-62, Moscow, in Russian.

Reeves, C. D.

1919. Discrimination of light of different wave lengths by fish. Behavior Mono-
graphs, London, vol. 4, no. 3, serial number 19, pp. I-IV -|- 1-106, 17

text figs.

"Reflector"

1949. Views on the news. Electrical Review, no. 145, p. 787.

Roeuel, p. M.

1953. Common Ocean Fishes of the California Coast. Fish Bulletin, no. 91:

184 pp., 175 text figs., 1 color plate. State of California, Department of

Fish and Game, Marine Fisheries Branch.

Safianova, T. E.

1952a. On the anchovy fishing with electric light in the Black Sea in winter.

Rybnoie Hoziaistvo (Fisheries Economy), no 3, pp. 21-22, Moscow,

in Russian.

1952b. Reactions of the Black-Sea fishes to the electric light. Materials of the

Conference held at the Ministry of Fisheries Industry of the U.S.S.R.

[After V. R. Protasov, 1957, as listed below.] Moscow, in Russian.



Vol. XXXI] LOUKASHKIXd- GRANT: THE NORTHERNANCHOVY 691

Safiaxova, T. E. —Cont.

1958. On certain correlations in the changes of reaction to the light in the

anchovy "hamsa" and horsemackerel "stavrida" throughout the year.

Trudy Sovestchania po fiziologii ryb 1956 g. (Transactions of the Con-

ference on physiology of the fishes, 1956.) Edited by E. N. Pavlovsky,

Academy of Sciences of the U.S.S.R.. Ichthyological Commission, issue

8, pp. 97-100, Moscow, Academy of Sciences Press, in Russian.

Safkoxov, p. a.

1952. My experimental catch of the sprat "kirka" with electric light. Rybnoie
Hoziaistvo (Fisheries Economy), no. 4, pp. 53-54, Moscow, in Russian.

Sasaki, T.

1959. The use of light attraction for traps and setnets. An article in Modern
Fishing Gear of the World, edited by Hilmar Kristjonsson, pp. 556-

558, 5 text figs., 2 tables, London, England.

Smith, K. A.

1955. Use of an electric attraction and guiding device in experiments with a

"fishpump." Commercial Fisheries Review, vol. 17, no. 2, pp. 1-7, 4 text

figs., Washington, D.C.

SVETOVIDOV, A. N.

1952. Herring-like fishes (Clupeidae). Fauna S.S.S.R. (The Fauna of the

U.S.S.R.), new series no. 48, vol. 2, no. 1, Fishes, 331 pp., 54 text figs.,

53 plates on separate pages; Zoological Institute of the Academy of

Sciences of the U.S.S.R., Academy Press, Moscow - Leningrad, in

Russian.

Takayama, S.

1956 (?) Saury lift net fishing with light. Fisheries Statistics and Technological

Development (in Pokrovsky, 1957, On the Japanese saury fishing with

the blanket net and light, in Russian).

Ta.mika, T.

1959. Fundamental studies on the visual sense in fish. An article in Modern

Fishing Gear of the World, edited by Hilmar Kristjonsson, pp. 543-

547, 1 text fig., 3 tables, London, England.

Tebentiev, a. V.

1957. Technical development in the fisheries industry of the U.S.S.R., in the

past forty years. Rybnoie Hoziaistvo (Fisheries Economy), no. 11,

pp. 31-39, 3 text figs., Moscow, in Russian.

Tester, A. L.

1959. Summing of experiments on the response of tuna to stimuli. An article

in Modern Fishing Gear of the World, edited by Hilmar Kristjonsson,

pp. 538-542, London, England.

Tiiio.Nov, D. P

1959. Some supplementary data on the reaction of herring to the electric light.

Rybnoie Hoziaistvo (Fisheries Economy), no. 4, pp. 13-14, Moscow, in

Russian.



692 CALIFORNIA ACADEMYOF ^SCIENCES [Pnor. 4tii Sek.

TOKAUEV, A. K.

1949. The anchovyfonn sprat "kil'ka" and catching it with the aid of light.

Rybnoie Hoziaistvo ( k^^'isheries Economy), no. 6, pp. 33-36, Moscow, in

Russian.

Veriieuen, F. I.

1956. On a method for collecting and keeping clupeids for experimental pur-

poses, toget'ier with some remarks on fishery with light-sources and a

short description of free cupulae of the lateral line organ on the trunk

of the sardine, Clupea pilchardns Wabl. Reprint from Pubblicazioni

della Stazione Zoologica di Napoli, vol. 28, pp. 225-240, 1 text fig., 1

table with 4 photos.

1958. The mechanisms of the trapping effect of artificial light sources upon
animals. Reprint from the Archives Neerlandaises de Zoologie, vol. 13,

no. 1, pp. 1-107, 6 text figs., 1 plate.

1959. Attraction of fish by the use of light. An article in Modern Fishing

Gear of the World, edited by Hilmar Kristjonsson, pp. 548-549, 1 text

fig., London, England.

ViLTER, V.

1950. Adaptation biologique de I'appareil visuel et les structures retiniennes

de la sardine. Compte Rendus de Sceances de la Societe Biologique,

vol. 144, nos. 3-4, pp. 200-203.

WxVLLS, G. L.

1942. The vertebrate eye and its adaptive radiation. Cranbrook Institute of

Sciences Bulletin, no. 19, XIV + 785 pp., 195 text figs., 1 plate.

YUDOVICH, J. V.

1956. Experimental saury fishing with the aid of electric light. Rybnoie

Hoziaistvo (Fisheries Economy), no. 4. pp. 8-11, 2 text figs., Moscow,

in Russian.

YuDOvicir, J. v., and P. A. Kolegov

1956. Scouting of the sardine and experimental sardine fishing in the Sea

of Japan. Rybnoie Hoziaistvo (Fisheries Economy), no. 2, pp. 17-19,

2 text figs., Moscow, in Russian.

Zaitsev, V. P., and V. G. Aziia/ha

1959. Submarine scientific expeditions on the "Severianka." Rybnoie

Hoziaistvo (Fisheries Economy), no. 7, pp. 7-16, 7 text figs., Moscow,

in Russian.


